BUTP-2003-11 
CAFPE-18-03 
UGFT-148-03 



hep-ph/0305164 



CP VIOLATING ASYMMETRIES IN K+ -» 3vr IN THE STANDARD MODEL 



ELVIRA GAMIZ and JOAQUIM PRADES 
CAFPE and Departamento de Fisica Teorica y del Cosmos 
Universidad de Granada, Campus de Fuente Nueva, E- 18002 Granada, Spain 

IGNAZIO SCIMEMI 

Institute of Theoretical Physics, University of Bern, Sidlerstr. 5, CH-3012 Bern, Switzerland 



Abstract 

We update the CP-violating asymmetries in K + — > in. In particular we study Age and 
A<?7v -the asymmetries in the slope g. We emphasize its complementarity to the direct CP- 
violation parameter e' K and the large sensitivity to the size of the imaginary part of the octet 
coupling Im Gg at lowest order in CHPT. We also give the prospects of a full calculation at 
next -to-leading order of this and other CP-violating asymmetries which will be presented 
elsewhere. 
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as we ll as their CP-conjugated decays at one-loop in Chiral Perturbation Theory (CHPT) 
I ^Kj | 4 | _ see El f or reviews. Above, the momentum of each particle is denoted between brackets 
and 

Km = — vf — • {) 

The calculation has been done in the limit of equal up and down light quark masses and we 
have included one-loop electromagnetic corrections for the dominant octet part. We have 
not included photon loops. 

CHPT is the effective field theory of the Standard Model at energies below one GeV . 
The lowest order SU(3) x SU(3) chiral Lagrangian describing IAS"! = 1 transitions is 

£|AS|=i = CF$e 2 G E tr(A 32 ^Qu)+CF£{G 8 tr(A 32 u^) + G' s ti-(A 32X+ ) 

+ G 27 t^ kl tr (A y ?V ) tr (A^)] + h.c. , (3) 
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Fq = (87 ± 6) MeV is the chiral limit value of the pion decay constant = (92.4 ± 0.4) 
MeV, 
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Ay = uXijU 

X = diag(m u , ma, m s ) , a 3 x 3 matrix collecting the light quark masses, and U = u 2 = 
exp (iy/2<&/Fo) is the exponential representation incorporating the octet of light pseudo- 
scalar mesons in the SU(3) matrix $, 
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The non-zero components of the SU(3) x SU(3) tensor t lh are 
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and Q = diag(2/3, — 1/3, — 1/3) is a 3 x 3 matrix which collects the electric charge of the 
three light quark flav ors. The L agrangian needed to describe K — > 3tt at next-to-leading 
order can be found in 

There is a long history of w ork concerning K — > 3n. First, usingcurrent algebra and 
tree-level chiral LagrangiansEH. The one-loop calculation was done irJUJ, unfortunately the 
analytical full results were not available. Recently there has appeared the first full published 

Ij t\l ITl 

result in 1 ^. We have confirmed this result redoing the one-loop calculation 1 ^. 

Using the K — > 37r one-loop results and the ones in^^for K — > 7T7t, a fit to all measured 
CP-conservi ng amplitudes and decay rates of those two transitions was done in^l updating 
the results inM-U The result found there for the ratio of the isospin definite [0 and 2 ] K — » tttt 
amplitudes to all orders in CHPT is 
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giving the infamous AI =1/2 rule and 
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= 17.8 , 
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to lowest CHPT order p 2 . I.e., Final State Interactions (FSI) and the rest of higher order 
corrections account for 22 % of the AI =1/2 ruleli^. Yet most of this enhancement appears 
at lowest CHPT order ! The last result is equivalent to the values of the lowest order coupling 
constants 



ReG 8 = 5.5±0.5 and G 27 = 0.39 ± 0.05. 
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In this normalization, G$ = Gx; = 1 at large N c . 
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CP-violating observables in K — > 37r has attracted also a lot of work since long time ago 
HaEHannSntaZaand references therein. 

In this talk, we update on the CP-violating asymmetries in the slope g defined as 

\A K ^3-rr(si, S 2 , S 3 )\ 2 , 2 2 \ / 1n N 

— -2 =1+ gy + 0(x ,y ) , (10) 
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with Si = (k — Pi) 2 , 3so = rTi 2 ^ + to (i) + rn ^(2) + m (3) and the Dalitz variables 

x^^, y =«i^ai. (ii) 

The two asymmetries that we will be discussing here are 

g[K+ ^ TT+TT+TT-] - g[K- ^ TT-;. j 

and 

A - 9W = g[K+ ^ 7r°7r°7r+] + ^= -> 7r°7r°7r-] ' ^ 
They have been discussed in the literature before finding conflicting results 

\Ag c \ ~ |A 3JV | ~ 11.0 x 10- 4 , (14) 

inHa, 

\Ag c \ ^ 0.07 x 10~ 4 , (15) 

and 

|A 5c | ~ 0.016 x 10" 4 , (16) 

iJ2DI. The first result was claimed to be at one-loop, however they did not used CHPT fully 
at one-loop. The last two results are at lowest order p 2 , but they made assumptions to get 
those results too. Among them, they assumed the exact dominance of the gluonic penguin 
and neglected the NLO chiral corrections in the result of e' K to extract the contribution of 
the gluonic penguin to the asymmetries. They also made some estimate of the NLO based 
on strong assumptions which could increase their LO result up to one order of magnitude. 

Recently NA48 has announced the possibility of measuringthe asymmetry Age with a 
sensitivity of the order of 10 -4 and maybe Ag^, see for instance!^. It is therefore mandatory 
to have an update of these predictions at NLO in CHPT. 

We present here the CHPT leading order results for those asymmetries. The complete 
NLO analysis including the dominant contributions to the imaginary part at the NLO non- 
trivial order, i.e. at order p 6 , will be ready soon^. At LO, the CP-violating asymmetry in 
the slopes Ag C ( N ) can be written to a very good approximation as 

2 

Ag C ( N ) - A c(N) Im G s + B C[N) Im (e 2 G E ) , (17) 

with 



Ac(N) = /c(JV)(Re G s ,G 2 7,m 2 K ,ml) and B C{N) = h c{N )(Re G s ,G 2 7,m 2 K ,ml).(18) 

m 

3 analytic formulas can be found in . 

Numerically, using the results in © for Re Gs and G27, 



Ag c 0.015 Im G 8 - 0.0014 Im (e 2 G E ) , 
Ag N ~ -0.0065 Im G 8 - 0.0008 Im (e 2 G E ) ■ (19) 



Let us see what we do know about the couplings Im Gs and Im G E . At large N c , the 
contributions to Im Gs and Im G E are factorizable and there is no scheme nor matching scale 



dependence . The unfactorizable topologies bring unrelated dynamics, so that we cannot give 
any uncertainty to the large N c result. We get 
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In the Standard Model 
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and we used her 
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(ggW2GeV) = -(0.018 ± 0.004)GeV 3 , 



(20) 
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which agrees with most recent results for the quark condensate and light quark masses from 
QCD sum rules and light quark masses from lattice QCD, se for references. At this order, 
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There have been recently advances on going beyond the leading order in l/N c in both cou- 
pling s, Im G-r and Im Ge- 
In | 25 | 26 | 27 | 

there are recent model independent calculations of Im Ge- The results there 
are valid to all orders in 1 /N c and NLO in as ■ They are obtained using hadronic tau data 
collected by the ALEPH and OPAL Collaborations at LEP. The agreement is quite good 
between them and their result can be summarized in 



Im (e 2 G E ) = -(5.9 ± 1.3) Im r 



(24) 



where the central value is an average and the error is the smallest one. In /8 it was used a 
Minimal Hadronic Approximation to large N c to calculate Im Ge, they get 



Im (e 2 G E ) = -(9.9 ± 3.0) Im r, 



(25) 



which is also in agreement t hou gh somewhat larger. The re are also lattice results for Im Ge 
using domain-wall fermionsE^ and Wilson fermions'^4 All of them made the chiral limit 
extrapolations, their results are in agreement between them and the average gives 



Im (e 2 G E ) = -(4.7 ± 0.4) Im r . 



(26) 



There are also results about Im Gg at NLO in 1/JV C . InED, the authors did a calculation 
using a hadronic model which reproduced the A J =1/2 rule through very large Q2 penguin- 
like contributions'^ 



Re G 8 = 5.9 ± 1.5, and G 27 = 0.33 ± 0.10 . 



(27) 



in very good agreement with the experimental results in ©. The result found there was at 
NLO in l/N c 

Im G 8 = (5.1 ± 1.2) Im r . (28) 

The hadronic model used there had however some drawbacks'^ which will be eliminated 
and the work eventually updated following the lines in«2l. 

Very recently, using a Minimal Hadronic Approximation to large N c , the authors of^^ 
found qualitatively similar results. I.e. enhancement toward the explanation of the AI = 1/2 
rule through Q2 penguin-like diagrams and a matrix element of the gluonic penguin Q§ 
around three times the factorizable contribution. 

After these results we can safely neglect the EM penguin contribution to Agc(N) and 
conclude that these asymmetries are to a very good approximation proportional to Im Gg,. 
This is interesting since with a good enough accuracy, this asymmetry can check a large 



Im Gg. This makes also this asymmetry complementary to the direct CP-violating parameter 
e' K where there is a strong cancellation between the Im Gg and Im Ge contributions. 
The results we get at LO are 

Ag c =~ [°- 51 ± °- 25 ] x 10_4 and A 9n lq = [1-70 ± 0.85] x 10~ 5 , (29) 

where we have used the results in <|24|) and (|28[) . 

At NLO, we have to include several ingredients. For the rea l par t, we need the chiral 
logs and counterterms, K%. The chiral logs are analytically known! ' I The real part of the 
counterterms, Re Ki, that enter in K — > 37r can be obtained from the fit to data done in 12 . 

At NLO we also need Im G 8 in addition to Im Gg, for which, to the best of our knowledge, 
there is just one calculation at NLO in 1/N C at present The results found there, using 

the same hadronic model discussed above, are 

Re G 8 = 0.9 ±0.1, and Im G' s = (1.0 ± 0.2)Im r . (30) 

The imaginary part of the rest of the counterterms, Im Ki, is much more problematic and 
there is no NLO in l/N c calculation of them at present. 

We can use several approaches to get the order of magnitude and/or the signs of the rest 
of the imaginary parts of the purely order p 4 couplings. These approaches to get information 
of the those unknown imaginary parts are factorization plus meson dominance*"^, large N c , or 
assuming that the ratio of the real and imaginary parts are dominated by the same dynamics 
at all orders in CHPT, therefore 

Im K t , _ Im Gg _ Im G' 8 

Re K, ~ Re G 8 ~ Re G' 8 ' [ ' 

Notice that the last relation is well satisfied by the model calculation in. This will allow 
us to check the counterterm dependence of the CP-violating asymmetries. 

Usin g the estimates of the imaginary part of the counterterms above and the results from 
the fit inl^ior the real part, we have checked that the sum g(K + — ► tt + tt + i:~) + g(K~ — > 
tt~tt~tt + ) is dominated by chiral logs. In the difference g(K + — > n + ir + Tr~) — g(K~ — > 
7r"~7r~7r + ) the counterterm contribution is however important and needs more work. 

The last ingredient to have a complete analysis of the CP-violating asymmetries at NLO 
are the phases generated by the two-loop amplitudes K — ► 3ir. The lowest non-trivial order 
is p 4 which is analytically known. This is the one that has to be used in LO prediction 
of Age- At NLO, one needs the same calculation at order p 6 which is not available at 
present. However, one can do a very good job using the known results at order p A and the 
optical theorem to get analytically the order p 6 imag inary parts that come from two one-loop 
bubbles which we can assume to be dominant! ' ' to a very good accuracy. We disregard 
three-body rescattering since they cannot be written as a bubble resummation. One can 
expect them to be rather small being suppressed by the phase space available. 

We have presented here an update of the K + — ► 37r CP-violating asymmetries Agc(N) 
at LO in the Standard Model. We are working in the full NLO corrections which will be 
ready soond. 

The measurement of this decay by NA48 or elsewhere will be extremely interesting for 
several reasons. We have seen that the asymmetries Agc(N) & r e proportional at lowest 
order to Im Gg to a very good approximation. This allows a consistency check between the 
theoretical predictions for g^ElESESl Any prediction for e' K has to be also able to predict 
the CP-violating asymmetries. The measurement of t hose as ymmetries may allow to check 
the large Im Gg results found at NLO, see for instance ^ l ^ l and references therein. 

Moreover, it seems that some models beyond the Standard Model can achieve values not 
much larger than 1 x 10~ 4 , see for instance^!. It will be important to check if that value 
can be attained in the Standard Model too. 

We are also finishing the analysis of the CP-violating asymmetries in the integrated rates 
of the charged Kaon decays into three pions, AT at NLO order in CHPT. 
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